Objective. To examine the effect of interleukin-4 (IL-4) on IL-11 production by rheumatoid synovial cells.
Rheumatoid arthritis (RA) is a chronic inflammatory production of IL-11. In this study, we examined the effect of IL-4 on IL-11 production by rheumatoid syndisease characterized by persistent synovitis that leads to joint destruction [1] . Proinflammatory cytokines such ovial cells. as tumour necrosis factor-a ( TNFa), interleukin (IL)-1 and IL-6 are produced by the inflamed synovia in RA Materials and methods [2] , and are thought to participate in the pathophysiology of RA.
Synovial cell culture In contrast, IL-4 was hardly detected in RA synovium Rheumatoid synovia were obtained from six patients [3, 4] . IL-4 inhibits the production of TNFa, IL-1 [5] [6] [7] [8] [9] , defined as having RA according to the classification of IL-6 [8] [9] [10] [11] and prostaglandin E 2 (PGE 2 ) [5, 7, 12] . the American College of Rheumatology [32] . Synovial IL-4 does not merely inhibit many proinflammatory tissues were dispersed with 1 mg/ml of collagenase mediators; it also up-regulates the expression of anti-( Wako Pure Chemical Industries, Osaka, Japan) and inflammatory mediators such as IL-1 receptor antagonist 5 mg/ml of DNase I (Sigma-Aldrich Japan, Tokyo, [13-17] and the IL-1 type II receptor [18] , indicating Japan) in serum-free Dulbecco's modified Eagle medium that IL-4 is an anti-inflammatory cytokine. In addition, (DMEM ) containing penicillin and streptomycin at IL-4 inhibits bone resorption [19, 20] .
37°C. Cells were cultured overnight in plastic dishes On the contrary, IL-11 induces osteoclastogenesis [21, containing DMEM supplemented with 10% heat-22], leading to accelerated bone resorption [23, 24] . inactivated fetal calf serum (DMEM/FCS). NonRecently, we and others have found that rheumatoid adherent cells were removed, and the freshly isolated synovial cells produce large amounts of IL-11 [25] [26] [27] .
rheumatoid synovial cells (FRS ) were incubated in IL-11 production by rheumatoid synovial cells was 24-well dishes at a density of 5 × 104 cells per well stimulated by IL-1 [27, 28] , TNFa [29] and PGE 2 containing 500 ml of DMEM/FCS in the absence or [27, 29] .
presence of IL-4 (specific activity 1 × 106 U/mg pro-IL-4 inhibits IL-6 production by rheumatoid synovitein), kindly provided by Dainippon Pharmaceutical ocytes [9-11]. IL-11 is an IL-6-type cytokine, and many (Osaka, Japan), for 6 h. Media were exchanged with of its properties overlap with those of IL-6 [30, 31] .
fresh DMEM/FCS and the cells were further incubated However, little is known about the effect of IL-4 on the for 24 h in the absence or presence of IL-4. FRS were further grown to be confluent and were transferred to 10-cm culture dishes after trypsinization.
Rheumatoid synovial cells at four to eight passages were used as cultured rheumatoid synovial fibroblasts (RSF ). RSF were seeded in 24-well dishes at 5 × 104 cells per well with 500 ml of DMEM/FCS. RSF were preincubated with IL-4 for 6 h. Media were exchanged with fresh DMEM/FCS, and cultured RSF were stimulated with IL-1a, kindly provided by Dainippon Pharmaceutical, in the absence or presence of IL-4.
IL-11 measurement
The concentration of human IL-11 was measured by ELISA using Quantikine Human IL-11 Immunoassay Kit (R & D Systems, Minneapolis, MN ) according to the manufacturer's instructions.
Statistical analysis
Values are presented as mean ± .. Data were analysed by Wilcoxon's paired non-parametric test. Differences were considered significant at P < 0.05.
Results and discussion
We first examined whether IL-4 inhibited the spontaneous production of IL-11 by FRS. IL-4 inhibited IL-11 production in a dose-dependent manner with a maximal effect at 100 U/ml of IL-4 (Fig. 1a) . This inhibitory effect was consistently observed in FRS obtained from six patients, resulting in a mean inhibition of 46.5% IL-11 production by IL-1a-stimulated RSF.
with 100 U/ml of IL-4 for 24 h, and the amounts of IL-11 in This is the first report demonstrating that IL-4 inhibits cell-free culture supernatants were measured by ELISA. *P < 0.05.
the production of IL-11 by rheumatoid synovial cells. The inhibition was specific because it was concentrationdependent and was completely abolished in the presence of anti-IL-4 antibody. However, we did not obtain a consistent result regarding the effect of IL-4 on IL-11 gene expression. This might have been due to partial suppression of IL-11. In contrast to our study, Elias et al. [33] reported that IL-4 is a weak agonist for IL-11 production. This discrepancy might be explained either by (1) cellspecificity of the effect of IL-4 on IL-11 production, or (2) opposite effects of IL-4 in unstimulated and IL-1a-stimulated cells.
The role of IL-11 in the pathogenesis of RA has been a matter of controversy. Recent work has demonstrated that IL-11 ameliorates experimental arthritis in mice [34] . Although IL-11 was effective during the early F. 2. Suppression by IL-4 of IL-1a-induced IL-11 producphase, it did not affect disease activity during the late tion by cultured RSF. The RSF were treated with 100 U/ml phase. Thus, the effect of IL-11 on RA may depend on of IL-4 for 6 h. After an exchange of medium, RSF were the phase of inflammation.
further treated with 100 U/ml of IL-4 in the absence or Furthermore, IL-11 has been reported to inhibit presence of 1 ng/ml of IL-1a for 24 h. The amounts of TNFa production in human monocytes [35] . However, proteinases [28, 35] or inhibiting metalloproteinase cytokine production by freshly prepared adherent rheumaproduction [35] . On the other hand, IL-11 promotes toid synovial cells. J Rheumatol 1995;22:2020-6. osteoclastogenesis [21, 22] . Therefore, we speculate that 12. Sugiyama E, Taki The fact that IL-11 induced osteoclastogenesis [21] 
